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Electric insulation compositions based on epoxy- silicone hybrid 
resins 

The invention relates to an insulating composition the resin 
component of which contains reactive silicone oligomers besides epoxy 
resin and other, known components, so it unites the advantageous 
properties of both insulating materials. 

The application of epoxy resins for electrical insulation has been 
known for a long time. Besides their advantageous properties (as high 
mechanical and electrical strength, heat and chemical resistance) they 
have some disadvantages as well (as crackiixg, and disappearance of 
surface hydrophobicity after long term outdoor exposure or after dry 
band arcing etc.). It is also known that for outdoor applications 
cycloalpihatic resin and anhydride is preferable to aromatic ones due to 
their better weather and electrical erosion resistance. Cycloaliphatic 
resins are less prone to tracking in the case of dry band arcing. 

In the past years silicones and silicone rubber based composite 
insulators gradually gain leading role in outdoor insulation. The main 
reason for this is the hydrophobicity of silicone rubber, which prevents 
the formation of a continuous water jSlm on the insulator surface, thus 
reducing the leakage current, and the erosion caused by dry band arcing. 
One of the advantages of silicone rubbers is that this hydrophobic 
property is stable for a long time, moreover, if it is destroyed temporally 
due to weather circumstances or to discharges, it gradually recovers 
afterwards. The reason for this hydrophobic recovery is in part the 
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migration (difiusion) of low molecular silicone oils to the surface, and 
in part the re-orientation of the silicone chains located at the surface. 

Because of the advantageous properties of these materials there 
have been attempts to unite them in various compositions. The patented 
combinations frequently emphasize the good electrical insulation, the 
heat- and weather resistance of the compositions. JP 05271518 e.g. uses 
a mixture of alkyphenol-polysiloxane block copolymers with bisphenol- 
A type epoxy resins. JP 05301931 proposes a mixture of siloxane 
grafted vinyl polymers in combination with cresol- or novolak type 
epoxy resins. JP 05160173 reacts maleimide end-functionalized 
siloxane with epoxidized polybutadiene. JP 05105778 combines 
carboxyl end functionalized nitrile rubber with amine end- 
functionalized siloxane and epoxy, and there are further examples. All 
these compositions use special, commercially not available components. 

Other patents, as e.g. JP 62243649, CS 217338, US 4537803, JP 
60112814, JP 52068248, US 3843577 describe compositions containing 
low molecular (mobile) silicone oil additive in order to improve 
hydrophobicity, weather resistance or partial discharge properties, but 
these oils are not built into the network of the epoxy resin. 

Our goal with this invention was to develop epoxy resin 
compositions from commercially available components, which: 

1) contain the silicone component incorporated into the 
network, thus it cannot be removed from the system, its effect is 
permanent; 

2) are cheaper than the HTV (high temperature vulcanizing) 
or LSR (liquid silicone rubber) materials used in insulator production; 
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3) can be processed by low- or medium pressure liquid 
technology even with high filler content. 

During the development the following ideas were utilized 

1) A proper combination of thermoset resins (so called hybrid 
resins) can unite the advantageous properties of both 
components (see e.g. the urethane - unsaturated polyester 
hybrids). These are not physical mixtures, as e.g. the blends of 
thermolpastics, but copolymers (block or statistical 

^ , copolymers). ^ 

2) In the past few years several reactive silicone oligomers 
appeared on the market in which the reactive group (hydroxyl, 
amine, acrylate, epoxy etc.) is not attached directly to the 
silicon atom, but through a saturated propylene [-(CH2)3-] or 
butylene [-(CH2)4-] bridge. These intermediates are chemically 
stabile, can be stored for a long time. Their functional end- 
groups enable them to be incorporated as dimethyl siloxane 
blocks into other, thermoset resins. The chemical composition 
of commercially available epoxy-modified silicone oligomers 

3 is as follows: 

CH2-CH-CH2-0-R'-[SiR2-0-]„-SiMe2-(R')-0-CH2-CH-CH2 

\ / \ / 

o o 



where R' is a saturated hydrocarbon chain. At a laboratory scale 
other stractures can also be easily synthesized which contain the epoxy 
group in the side chain, such as: 



wo 98/32138 



-4. 



PCT/HU98/00007 



Q'-0-[SiR-0]„-[SiR2-0]„-Q" 
R'-X 

where R is an alkyl group, Q' and Q" can be trimethyl silyl group 
(-SiMes) or an -R'-X group, where R' is a saturated hydrocarbon chain 
and X is a glycidoxyl group: 

-O-CH2-CH-CH2 

\ / 
O 

3) If a statistical or block copolymer contains about 10% 

siloxane units, then the surface energy of the copolymer will 
be similar to that of typical siloxane polymers (i.e. it will be 
hydrophobic), as the surface will become rich in the low 
surface energy siloxane component. 

Based on the above ideas the invention proposes a group of hybrid 
resins characterized by mixture of traditional epoxy resins with siloxane 
oligomers containing epoxy functional groups and with a calculated 
amount of crosslinker. 

Accordingly, the invention relates to epoxy resin based insulating 
composition with improved hydrophobicity and electrical erosion 
resistance that comprises a cycloaliphatic or aliphatic (or aromatic) 
epoxy resin, a cycloalpihatic (or aromatic) anhydride (perhaps amine or 
poly amino-amide) crosslinker comprising a silicone additive containing 
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epoxy groups, occasionally in combination with polymeric active 
diluent (flexibilizer), reinforcing (Aerosil, wollastonite, chopped 
glassfiber) and/or non-reinforcing (silica, ATH, calcium carbonate, 
baryte) fillers and a mobile silicone oil, not bound to the network. 

In the compositions according to the invention the siloxane 
oligomer containing epoxy functional groups is preferably a 
polysiloxane (wherein R may be methyl or phenyl) with the glycidyl 
group attached in the following way: 



CH2-CH-CH2-0-R'-[SiR20-]n-SiMe2-R'-0-CH2-CH-CH2 

\ / \ / 

o o 



where R' is a saturated hydrocarbon chain with 1-10, preferably with 3- 
4 carbon atoms and n, the degree of polymerization is between 1 and 50, 
preferably between 5 and 15, 
or a polysiloxane having the following formula: 

Q'-0-[SiR2-0]„-[SiR-0]„-Q" 
R'-X 

where R is methyl or phenyl, m+n, the degree of polymerization is 
between 1 and 50, preferably between 5 and 15, m is between 1 and 5, 
preferably 1 or 2, Q' or Q" may be trimethyl silyl group (-SiMca) or an - 
R'-X group, where R' is a saturated hydrocarbon chain with 1-10, 
preferably with 3-4 carbon atoms and X is the glycidoxyl group: 
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-O-CH2-CH-CH2 

\ 

o 

It is advantageous if the resin and the crosslinker components are 
miscible with the siloxane oligomer. The selection of such components 
is by no means trivial, as, due to the extremely low cohesion energy 
density of polysiloxanes, they are not miscible with all organic liquids. 
If the siloxane oligomer is miscible with the crosslinker but not with the 
epoxy resin then the siloxane phase may crosslink separately from the 
epoxy matrix. This is called macroscopic phase separation (two layers 
of separated materials appear), which results in a technically 
unacceptable product. One has to distinguish this situation sharply from 
micro phase separation , which occurs during block copolymer 
synthesis. In this process the monomers or oligomers, which are 
miscible at the molecular level in the original state, become separated 
during the polymerization due to the decrease of mixing entropy. As, 
however, the blocks are linked chemically to each other phase 
separation remains microscopic. Micro phase separation contributes to 
the special set of properties of block copolymers. 

In the case of outdoor insulations the epoxy component is 
advantageously cycloaliphatic epoxy and the crosslinker is a 
c ycloaliphatic anhydr ide (both low viscosity liquids at room 
temperature). If the epoxidized siloxane is mixed with the cycloaliphatic 
epoxy in a ratio of 1 :9 and is crosslinked with a calculated amount of 
crosslinker, then a polymer with siloxane-like surface properties is 
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obtained. The electrical erosion resistance can be improved by the 
addition of aluminum oxide trihydrate (ATH) filler and the flexural 
modulus and the tensile strength can be substantially increased by 
anisometric fillers (chopped glassfiber, woUastonite or other, whisker- 
like filler). Cheap, extender fillers (as e.g. silica or calcium carbonate) 
can reduce the price. This composition can be a competitor of 
traditional, silica filled cycloaliphatic casting resins. In this case the 
hybrid resin is a load-bearing component, which can be fixed onto the 
electrical network through embedded metal fittings. The advantage of 
this composition over the traditional casting resins is the silicone rich, 
hydrophobic surface, which can recover its hydrophobicity after 
oxidation. 

Compositions containing both epoxidized silicone oligomer 
(immobile silicone component) and a low molecular silicone oil (mobile 
silicone component) are also possible. The immobile silicone 
component by itself ensures the required surface properties and the 
hydrophobic recovery after surface oxidation, but, if a mobile silicone 
component is also present then the even the inorganic deposit (dust etc.) 
J on the insulator surface becomes hydrophobic. The immobile sihcone 

component plays an important role even in such compositions for two 
reasons. A.) the mobile silicone component can be added to the epoxy 
resin only in a very limited amount, as, due to incompatibility problems 
it is easily exuded to the surface. B.) mobile silicone can be gradually 
depleted in the sample due to migration, but the inmiobile silicone 
content is stable. 
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Based on the above system it is possible to construct softer, more 
flexible compositions which, in principle, could be used to replace 
silicone rubber in the manufacture of composite outdoor insulators. In 
these compositions the rigidity of the epoxy resin component can be 
reduced by the addition of active diluents (advantageously polymeric 
active diluents). Active diluents are special plasticizers, which are 
incorporated into the epoxy network and reduce its rigidity. 
Flexibilization is achieved either by reducing the degree of crosslinking 
(low molecular, monofunctional epoxy compounds) or by incorporating 
soft segments into the rigid network. One example of polymeric active 
diluents is a glycidoxyl end functionalized polyether oligomer. The 
application of polymeric active diluents is necessary for two reasons: a.) 
the siloxane network by itself is not too strong (although it can be 
considerably reinforced by the addition of silica gel of pyrolytic origin, 
e.g. Aerosil or Cab-O-Sil), therefore the increase of the siloxane/epoxy 
resin ratio does not yield a system of advantageous mechanical 
properties; b.) the siloxane oligomer is usually more expensive than the 
polymeric active diluent. The active diluent shall be chosen so that it is 
miscible with the siloxane oligomer and the other initial, liquid 
components. Similarly to the previous system, it is advantageous to use 
cycloaliphatic resin and additives improving the electrical erosion 
resistance (e.g. ATH). The advantage of this system over silicone rubber 
is its lower price and (at a similar filled loading level) the significantly 
lower viscosity. 

The amount of the crosslinker, which is applied in a stoichiometric 
quantity, can be calculated by the following formula: 
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T = (xei -I- ye2 +ze3)/A 

where x is the weight of the epoxy resin, e, is the specific epoxy content 
of the resin (mole epoxy group/100 g resin, which can be calculated 
from the epoxy equivalent, E by the following formula: 100/E), y is the 
weight of the epoxidized sihcone. ea is its specific epoxy content, 2 is 
the weight of the active diluent, e, is its specific epoxy content and A is 
the specific fimctional group content of the crosslinker (e.g. anhydride) 
in mol/100 g units. 

The invention is illustrated by the following examples. 
Example 1 

Proof of the reaction between the epoxidized silicone and the 
cycloaliphatic anhydride 

Calculated amounts (see Table 1) of cycloaliphatic anhydride 
(Lekutherm Harter M, Bayer AG. anhydride equivalent 168 g) and a 
silicone oligomer containing epoxy end-group (Tegomer ESi-2130 and 
ESi-2330, TH Goldschmidt AG, epoxy equivalents 514 and 1254 
respectively) are mixed together. The components are fiilly miscible. 
These mixtures consoUdate within 1 day at room temperature and yield 
a rubbery mass. The transmission IR spectrophotometric investigation 
of the reactants and of the products proves unambiguously the reaction 
between the components. (The doublet, characteristic of cydic 
anhydrides, appearing at 1780 and at 1860 cm"' disappears and an ester 
carbonyl, which is the result of the reaction between the anhydride and 
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the epoxy group, appears at 1740 cm*'.) The reaction of the anhydride 
group can be regarded as complete. 

Table 1 

Weight portions of the components 



Formulation 


ESi-2130 


ESi-2330 


HarterM 


1. 


100 




32.8 


2. 




100 


14.3 



Example 2 

Synthesis of epoxy-silicone hybrids 

Calculated amounts of cycloaliphatic epoxy resin (Lekuthenn 
XlOO of Bayer AG, epoxy equivalent 170-180), epoxidized silicone 
oligomer (Tegomer ESi-2130 or ESi-2330 of TH Goldschmidt AG) and 
cycloaliphatic anhydride crosslinker (Lekuthenn Harter H Bayer AG) 
are mixed so that the weight ratio of the components containing epoxy 
group is 1 :1 . The mixture of the reactants is in both cases homogeneous. 
In order to accelerate the reaction D MP-30 accelerat or is added (0.5 
wt% of the XlOO epoxy componentVThe gel time is measm-ed at 100 

by Gehiorm instrument, which detennines the time required reaching 
a certain viscosity. Table 2 shows the formulations and the 
coiresponding gel times. In the case of Tegomer ESi-2130 a solid 
product is obtained, while in the case of ESi.2330 macroscopic phase 
separation occurs. 
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Table 2 
Compositions and gel times 



Formulation 


ESi-2130 


ESi-2330 


HarterM 


Lekutherm 
XlOO 


Gel time at 
100 °c 


3. 


50 




66.4 


50 


61 min 


4. 




50 


56.7 


50 


35 min 



Example 3 

Variation of hybrid component composition, proof of the 
appearance of silicone rich surface 

Calculated amounts of cycloaliphatic epoxy resin (Lekutheim 
XlOO of Bayer AG, epoxy equivalent 170-180), epoxidized silicone 
oligomer (Tegomer ESi-2130 of TH Goldschmidt AG) and 
cycloaliphatic anhydride crosslinker (Lekutherm Harter M, Bayer AG) 
are mixed so that the weight ratio of the components containing epoxy 
group is 3:1, 1:1 and 1:3 (see Table 3). The mixtm-e of the reactants is 
homogeneous in every case. If the epoxidized silicone component is in 
majority, a translucent, rubber-like material is obtained, while in the 
other two cases opaque, sohd resins are obtained. Attenuated total 
reflectance (ATR) IR spectra, which probe the top 0. 1 ^ thick layer of 
the sample, the ratio of the band intensities (baseline corrected peak 
absorbance values) attributable to the ester (1740 cm"') and to the Si-Me 
(1260 cm-') groups is roughly identical for all three compositions (a 
change of 20-30% can be observed), while the molar ratio of the 
ester/dimethyl sihcone groups changes almost tenfold. This proves the 
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fact, known also from the literature, that the low surface energy silicone 
units mainly determine the surface properties of copolymers containing 
dimethyl siloxane monomers (especially blocks). 

Table 3 

Weight ratios of the components 



Formulation 


ESi-2130 


Lekuthenn 100 


HarterM 


5. 


50 


150 


166.4 




100 


100 


113.4 


6. i 


150 


50 


99.4 



Example 2.) 



composition 3. of 



Examnle 4 

The effect of silicone additive and of mineral filJers on the 
electrical erosion properties of hybrid resins 

In order to check the effect of epoxidized silicone additive and of 
fillers on the compound properties 4 formulations were prepared (see 
Table 4.a.), where the amomits of the epoxidized siUcone additive and 
of the fillers (siHca and/or ATH) was varied. The mixtures containing 
fillers were thoroughly mixed in a Molteni type vacuum mixer, 
evacuated, then poured into a casting mold and cured at 100 °C. Test 
samples were cut from the sheets and the inclined plane electrical 
erosion test (lEC 587) was performed on them. The results are 
summarized in Table 4.b. 5 parallel samples were investigated. At a 
given voltage level all 5 samples must survive for at least 6 hours. The 
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measurement of a given sample is tenninated if the leakage current 
measured on it exceeds 60 mA. The table also indicates the mode of 
failure (overcurrent without carbonization /tracking/, overcurrent with 
carbonization, overcurrent with fire). As shown by the table that the 
basic, silica filled composition without silicone additive is not 
acceptable even at 3.5 kV. Dramatic improvement can be observed on 
addition of the siHcone additive. The overcurrent appearing at 4.5 kV 
does not cause carbonization or fire, therefore it cannot be regarded as 
serious damage. An improvement can be observed if no silicone 
additive is used but ATH is added instead of silica as filler. In this latter 
case the arc-suppression ability of ATH is observed, not the effect of 
surface hydrophobicity. Both additives together are also effective, but 
fi-om these formulations No. 9 proved to be the best. 

Table 4a 
Weight ratios of the components 
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Table 4b 

Lifetimes of the compositions described in the previous table as 
measured by lEC 587 inclined plane test 



Formulation 



No. 7. 

Filler: silica 

Silicone additive: none 



3.5 kV 



No. 8. 

Filler: ATH 

Silicone additive: none 



No. 9. 

Filler: Silica 
Silicone additive: yes 



68 min (burning) 
68 min (burning) 
59 min (burning) 
43 min (overcurrent) 
52 min (carbonization) 



4.5 kV 



8 min (burning) 
10 min (burning) 
12 min (burning) 
32 min (overcurrent) 
57 min (burning) 



216 min (overcurrent) 
360 min 
360 mi'n 
360 min 
360 min 



88 min (overcurrent) 
94 min (overcurrent) 
360 min 
360 min 
360 min 



No. 10, 
Filler: ATH 
Silicone additive: yes 



360 min 
360 min 
360 min 

360 min 

360 min 
186 min (overcurrent) 
360 min 
360 min 
360 min 
360 min 



105 min 
360min 
360 min 
360 mi'n 

360min 
99 min (overcurrent) 
265 min (overcurrent) 
360 min 
360 min 
360min 
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Example 5 

Compositions containing various fillers, flexibilizers and 
epoxidized silicone 

The compositions described below contain the following 
components: CY184 cycloahphatic epoxy resin (Ciba Geigy), HYl 102 
cycloaliphatic anhydride (Ciba Geigy), DY062 accelerator (Ciba 
Geigy), Tegomer ESi2130 epoxidized silicone (TH Goldschmidt AG), 
Eurepox RV-F polymeric active diluent (flexibilizer, 
ScheringAVITCO), W12EST silica filler (Quarzwerke GmbPT), ATH 
filler (methyl silane treated, Solem GmbH). Table 5. a shows the 
compositions of the compounds, while Table 5.b shows some physical 
quantities. If the overcurrents not leading to carbonization (tracking) or 
to burning are neglected, then all compositions pass the lEC 587 
inclined plane test at 3.5 kV, only the average weight losses are 
somewhat different. Taking into accoimt the standard deviation, 
however, even these differences are not significant. In the case of 
compositions 14-16 no weight loss, but weight increase was observed 
after the inclined plane test, which is the result of erosion loss (negative) 
and water uptake (positive). One can see from Table 5.b that the 
epoxidized silicone additive decreases the hardness of the resin but it 
does not improve the impact properties. This disadvantage can be 
compensated for by the addition of polymeric active diluents. This latter 
additive can also modify the resin composition to be more similar to 
hard rubbers. 
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Table 5a 
Weight ratios of the components 



Formula 
tion 


CY184 


HY1102 


DY062 


RV-F 


ESi2130 


Silica 


ATH 


11. 


63 


65 


0.35 




7 


70 


70 


12. 


56 


60 


0.35 


7 


7 


70 


70 


13. 


70 


70 


0.35 






70 


70 


14. 


30 


43 


0.35 




40 


70 


70 


15. 


30 


43 


0.35 


20 


20 


70 


70 


16. 


30 


43 


0.35 


40 




70 


70 



Table 5b 

Some physical characteristics of the compositions shown in the 

previous table 



Formulation 


Impact strength 
Charpy, kJ/m^ 


Shore D hardness 


11. 


3.6 


85 


12. 


3.8 


84 


13. 


3.8 


94 


14. 


3.4 


74 


15. 


5.4 


76 


16. 


>26 


52 
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Example 6 

Physical properties of various hybrid resin compositions 
containing various fillers, mobile and immobile silicone additives 

Several physical properties (Table 6b) of five different 
formulations (see Table 6a) containing silica and other fillers with and 
without mobile and immobile'silicone additives were compared. The 
cycloaliphatic epoxy component was CY184 (Ciba Geigy), the 
crosslinker was a cycloaliphatic anhydride (HYl 102 of Ciba Geigy), the 
accelerator was DY062 (Ciba Geigy), the epoxidized silicone additive 
was Tegomer ESi-2130 (TH Goldschmidt AG), the active diluent was 
Eurepox RV-F (Schering/WITCO), silica filler was W12 EST 
(Quarzwerke GmbH), ATH was methyl silane treated grade of Solem 
GmbH, while wollastonite (Ca-silicate) was a non-treated grade of 
Quarzwerke GmbH. Table 6, a shows only the resin and the additive 
components, the crosslinker was the stoichiometric quantity calculated 
from the epoxy equivalents of the components. Formulations 19 and 21 
contain 0.1 wt% mobile silicone oil (polydimethyl siloxane with 100 cP 
viscosity). The 0.1 wt% is calculated for the organic components 
without mineral filler. Formulation 17 is the reference, formulation 18 
contains the same amount, but mixed filler, formulation 1 9 contains 
mobile silicone oil but no epoxidized silicone additive, formulation 20 
contains the epoxidized additive but no mobile silicone oil, while 
formulation 21 contains both types of silicones. As shown by Table 6b, 
the replacement of silica by softer fillers, such as ATH, reduces the 
impact and the tensile strength values, although later we demonstrated 
that by using epoxy-silane treated ATH and wollastonite grades it is 
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possible to formulate resins with properties similar to the silica filled 
grade at equal filler content. The addition of mobile or immobile 
silicone oil to the system somewhat reduces the heat resistance, but the 
electric breakdown strength remains intact. Formulation 17 did not pass 
the lEC 587 inclined plane test at 3.5 kV, which is a usual requirement 
for outdoor insulating materials. All other formulations, containing 
ATH passed the test. The advantage of the epoxidized silicone additive 
is shown by the reduced number of overcurrent events during the test. 

Table 6a 
Weight ratios of the components 



Formulation 


CY184 


ESi- 
2130 


Silica 


ATH 


Wollastonite 


Silicone 
Oil 


17. 


10 




25 








18. 


10 




5 


15 


5 




19. 


10 




5 


15 


5 


0.1% 


20. 


9 


1 


5 


15 


5 




21. 


9 


1 


5 


15 


5 


0.1% 
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Table 6b 

Physical properties of the compounds shown in the previous table 
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Claims: 



1. Epoxy resin based insulating composition with improved 
hydrophobicity and electrical erosion resistance that comprises a 
cycloaliphatic or aliphatic (or aromatic)_epoxyj-esin, a cycloalpihatic (or 
aromatic) anhydride (perhaps amine or poly amino-amide) crosslinker, 
characterized by the presence of a silicone additive containing epoxy 
groups, occasionally in combination with polymeric active diluent 
(flexibilizer), reinforcing (Aerosil, woUastonite, chopped glassfiber) 
and/or non-reinforcing (silica, ATH, calcium carbonate, baryte) fillers 
and a mobile silicone oil, not bound to the network. 

2. Epoxy resin based composition according to claim 1, 
characterized by that the silicone additive containing epoxy groups is a 
poly-siloxane (wherein R may be methyl or phenyl) with the glycidyl 
group attached in the following way: 



CH2-CH-CH2-0-R'-[SiR20-]„-SiMe2-R'-0-CH2-CH-CH2 



where R' is a saturated hydrocarbon chain with 1-10, preferably with 3- 
4 carbon atoms and n, the degree of polymerization is between 1 and 50, 
preferably between 5 and 15. 

3. Epoxy resin based composition according to claim 1, 
characterized by that the silicone additive containing epoxy groups is a 
poly-siloxane described by the following general structure: 
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Q'-0-[SiR2-0]„-[SiR-0]„-Q" 
R'-X 

where R is methyl or phenyl, m+n, the degree of polymerization is 
between 1 and 50, preferably between 5 and 15, m is between 1 and 5, 
preferably 1 or 2, Q' or Q" may be trimethyl silyl group (-SiMea) or an - 
R'-X group, where R' is a saturated hydrocarbon chain with 1-10, 
preferably with 3-4 carbon atoms and X is the glycidoxyl group: 

-O-CH2-CH-CH2 

\ / 
O 

4. Epoxy resin based composition according to claim 2 or 3 
characterized by that the mass ratio of the cycloaliphatic epoxy 
component and of the epoxy group containing silicone additive is 
between 100:1 and 100:30, preferably between 100:5 and 100:20 and 
the amount of the crosslinker depends on the concentration of the 
epoxy groups, and it is added in stoichiometric amount). 

5. Epoxy resin based composition according to claim 4 
characterized by that the mass ratio of the total amoimt of the (epoxy 
resin + epoxy group containing silicone additive + polymeric active 
diluent) and the total amount of fillers is between 5:1 to 1:5, preferably 
between 1:1 and 1:3. 

6. Epoxy resin based composition according to claim 5 
characterized by that, if the total amount of fillers is 100%, the ATH 
content is between 20 and 60%, preferably between 40 and 50%. 



V 
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7. Epoxy resin based composition according to claims 5 or 6 
characterized by that, if the total amoimt of fillers is 100%, the content 
of reinforcing fillers (wollastonite and/or chopped glassfiber) is between 
10 and 60%, preferably between 30 and 50%. 

8. Epoxy resin based composition according to claims 5 to 7 
characterized by that, if the total amount of organic components is 
100%, it contains 0.5-10%, preferably 1-3% mobile silicone oil (not 
bound to the network). 

>j 9. Epoxy resin based composition according to claim 2 or 3 

characterized by that if the total mass of the (epoxy resin + polymeric 
active diluent + epoxy group containing siliocne additive) is 100%, then 
the amount of the polymeric active diluent is 10-50%, preferably 20- 
40%, the amount of the epoxy group containing silicone additive is 5- 
50%, preferably 10-30%. 

10. Epoxy resin based composition according to claim 9 
characterized by that the mass ratio of the total amount of the (epoxy 
resin +epoxy group containing silicone additive + polymeric active 
diluent) and the total amount of fillers is between 5:1 to 1:5, preferably 

~ 3 between 1:1 and 1:3. 

11. Epoxy resin based composition according to claim 10 
characterized by that, if the total amount of fillers is 100%, the ATH 
content is between 20 and 60%, preferably between 40 and 50%. 

12. Epoxy resin based composition according to claims 10 or 1 1 
characterized by that, if the total amount of fillers is 100%, the content 
of reinforcing filler (Aerosil) is between 1 and 10%, preferably between 
2 and 5%. 
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13. Epoxy resin based composition according to claims 10 to 12 
characterized by that, if the total amount of organic components is 
100%, it contains 0.5-10%, preferably 1-3% mobile silicone oil (not 
bound to the network). 



) 



INTERNATIONAL SEARCH REPORT 



Im^tiacional Appllo«tlon No 

PCT/HU 98/00007 



^rSi^f^^^^OATpH Of SUBJECT MATTER , 

IPC 6 H01B3/40 H01B3/46 



Aooofdng to I nf mttoni Pttnt Ctfff lcat>on(lPC) or to bom pattonai dasltictton and IPC 
B. FIELDS SEARCHED 



IPc'"6***''T1oTb" *^08IL ******'*^*****" •y»toni folow»d byctftMirieation symbolt) 



Docum#nt«tton s««reh*€f oth«r Vxmn mmimumdocunwitatton to th« •xtent th«t tuch documontt *ro induted in th« ftold* smicM 



Ooctronic data tMM consuMad during th« mtamational m^vth (nam* of data t»aa* and. 



wrwa practical. a«arch tarma uaod) 



Catagory 



DTCUME WTS CONSIDERED TO BE RELEVANT 

Citatton Of documant wtth tndfcation. whara appropnata. of tha ralavam passagaa 

EP O 673 957 A (MITSUBISHI ELECTRIC CORP) 
27 September 1995 
seed alms 1-16; example 15 

US 5 358 904 A (MURAKAMI GEN ET AL) 25 
October 1994 

see column 47, line 12; table 1 

US 5 306 747 A (ITO HIROMI ET AL) 26 
April 1994 



rn P«**wdocumam8araBa(ad In tha continuation of box C. 

* $padal catagoiiaa Of citad documama : 

•A- documant defintng tha oanaral atata of tha art which la not 
conaWarad to ba of pattloular ralavanca 

*«iIiSXt?™"* ^ P**«»had on or aftar tha fritamatlpnat 

wh^te oltadto aatabttoh tha publica£)^2ia of Tn&Zr 
citation or othar apacial raaaon (aa apadflad) 

"O* dooimant riefarring to an or«l dladoaura. uaa. axhtoUon or 
othar maana 

*SSJ^7 '1S?'*!?^P^*^ *® Intamational filing data but 
tatar than tha prtortty data daimad 

Orta of tha actual complatlon of thaintamatlonal aaarch 

15 May 1998 

Nama and mailing addraaa of tha ISA 

Europaan Patani Offlca, P.B. 5816 Patantlaan2 
NL-2280HVRtfawtik 
Tal. (431.70) 340^040. Tx. 31 051 apo ni. 
Fax: (♦31-70) 340-3016 

Fofm PCT/I8A«10 (t«oond ■hMt) (J^ 1M2) 



R«lavam to claim No. 
1 



|X I P«tort^«nIVmambef»arattatadlnarmax. 

'^?l2S2!?!f? P^Wwd altar tha tntamatfonai fling data 
or prtortty data and not In connict with tha application but 
?j£»tter^™**"^ ^ undartjrmg tha 

^^^IIS!!^^5!SSf^^'*^'^'' Invantton 
S!SJ?'**S!'^'^"^***»'*»^»'«<»n»ida»d to 
mvolvaan Invanttvia ttap whan tha documant la takan alona 

^ISSSDJ?.**' '^^^S^li'r'*^- ^'^ «*«»«^ Irtvamion 
22^12^1 ^ •« ''wamiva Slap whan tha 

docwnam la oomblnad with ona or mora othar wjch doct^ 
fj^jf*^ oon*»n»tton batng obvkHJt to a parao^ 

•A" docunwnt mamb ar q4 tha aama patant famly 

Data of malting of tha Intamational aaarch raport 

27/05/199B 

Authortzadofftear 



Stienon, P 



INTERNATIONAL SEARCH REPORT 

iftformaUofi on pctMit family tn»mb» f 



in Atfonai ApplieMon No 

PCT/HU 98/00007 



Patent docunwnt 


PubKcation 




PaMmfamDy 


j PubUcaUon 


cited m search report 


date 




m0mb*r(a) 


1 data 


tr 00/ 3957 A 


27-09-1995 


JP 


7242732 A 


19-09-1995 






CN 


1110977 A 


01-11-1995 




25-10-1994 


JP 


2246125 A 


01-10-1990 






JP 


2702219 B 


21-01-1998 






.IP 




26-03-1990 






JP 


2708191 B 


04-02-1998 






us 


5S30286 A 


25-06-1996 






us 


5612569 A 


18-03-1997 






us 


5068712 A 


26-11-1991 


US 5306747 A 


26-04-1994 


JP 


2028213 A 


30-01-1990 






JP 


2011654 A 


16-01-1990 






JP 


2608107 B 


07-05-1997 






us 


5157061 A 


20-10-1992 



Foim PCryiaAOlO <f)«tM IMy mno Uiy 1003) 



